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ABSTRACT 

This  report  contains  propellant  test  results  from  cartons  of 
TP-H10^3  propellant  representing  selected  batches  used  in  the  at't 
closure  of  First  stage  Minuteman  Motors.  Data  from  TP-H10^3  pro¬ 
pellant  obtained  from  the  at't  closures  of  the  LGM-30  A,  B,  F  and  G 
Motors  are  reported  in  regression  analyses  for  the  fifth  time  and 
the  fourth  time  using  the  G085  computer  system.  Testing  was  accom¬ 
plished  in  accordance  with  MMWRME  Project  M8293^C. 

An  analysis  of  all  parameters  indicate  that  no  significant 
degradation  is  anticipated  for  at  least  two  years  past  the  oldest 
data  point. 

Each  point  on  the  regression  plot  represents  ail  samples  at 
that  particular  age.  The  number  of  samples  at  each  point  is  indi¬ 
cated  on  the  sample  size  summary  sheet  on  the  page  accompanying 
each  regression  plot.  The  data  range  at  any  age  can  be  found  by 
suitable  inquiry  of  the  G085  system. 


[ 

i 


i 


S 


ii 


tabu:  of  contents 


Abstract 
1,1st  ot  Figures 
Fist  ol  References 
0  lossary  ot  Forms  and  Abbreviations 
Section  I,  Introduction 
A.  Purpose 
15.  Background 
0.  Sampling  Plan 
0.  Statistical  Approach 
Section  11,  Test  Results 

Section  111,  Conclusions  and  Recommendations 
Hist  ribut ton  l  ist 
DO  1473 


Acre  on  ■  >' 

'NOS  gTv'.jcI 
PDC  TAB 
UD  nnot  >  >d 

JuatlfiCv  t  ' 


LIST  OF  FIGURES 


Figure  Nr 


TP -U 104 3 


Regression  Plot,  Low  Rate  Tensile 


Strain  at  Maximum  Stress 


Maximum  Stress 


Strain  at  Rupture 
Stress  at  Rup ture 


Moiiu  Lu  s 


Regression  Plot,  High  Rate  Tensile 


Strain  at  Maximum  Stress 


Maximum  Stress 


Strain  at  Rup tu r e 


Stress  at  Rupture 


Mo du  lus 


Regression  Plot,  Hardness 


Shore  A,  Initial  Average 
Shore  A,  10  Second  Average 
Shore  C,  Initial  Average 
Shore  C,  10  Second  Average 


USX  OF  REFERENCES 


Report:  Nr 


29  L) 
29E 
32B 
185 
195 
239 
288 
337 


Title 

LGM-30  First  Stage,  Wing  1  Test  Reports 
Zero  Time  Test  Results  (Aft  Closure) 

Zero  Time  (Aft  Closure  Supplement  1) 

Zero  Time,  Wings  II-V  Test  Results  (Aft  Closure) 
ATP  Phase  1,  Wing  VI  Series  III 
ATP  Phase  III,  Wing  II-V 
Propellant  Surveillance  Report  (TP-H1043) 
Propellant  Surveillance  Report  (TP-H1043) 
Propellant  Surveillance  Report  (TP-H1043) 


Report  Date 


9 

Jun 

64 

24 

Jun 

64 

18 

Mar 

65 

Jun 

70 

Nov 

70 

Apr 

72 

Mar 

74 

Feb 

76 

GLOSSARY  Ob'  I'b.KMS  AND  AHBRKV  1AT  IONS 


Aging  I'r  t'lld 

CSA 

l)B 

Degradat  ivin 

E 

KB 
KG  L 
era 

er 

"F"  rat lo 


dANNAF 
MAG.  CP 
OOAM  A 

Keg  t  i'ss  1  on 
Kquat i on 

Kegr  oss Lon 
Line 

s 

b 

S  or  S 
c  Y.X 


A  change  In  properties  or  performance  result¬ 
ing  from  aging  of  material  or  component 

Cross  Sect lonal  Area 

Dog bone 

Gradual  deterioration  ot  properties  or  performance 

Modulus  (psi),  defined  as  stress  divided  by 
strain  along  the  Initial  linear  port  ion  ol  the 
curve 

Knd  Bonded 

Klieetive  Gage  Length 
Strain  at  maximum  stress 
Strain  at  rupture 

The  rat  io  ot  the  variance  accounted  I  er  by  the 
regression  function  to  the  random  unexplained 
variance.  Tin*  regression  tnnet  ion  having  the 
most  signit  leant  "F"  ratio  Is  used  for  plotting 
data.  The  ratio  is  also  used  in  detecting  signi¬ 
ficant  changes  in  random  variation  between 
succeeding  t  inie  points. 

dolnt  Army,  Navy,  NASA,  Air  Force  Committee 

Propellant  Lab  Section  .it  OOAM  A 

Ogditi  Air  Materiel  Area,  Air  Force  Logistics 
Command 

The  general  term  ot  the  regression  c. pint  ion 
is  Y  *  a  +  bx 

line  representing  mean  test  values  with  respect 
to  time 

Standard  error  of  estimate  of  the  regression 
coei t  ie lent 


St  nd.tr d  deviation  ot  the  data  about  the 
regression  line 


GLOSSARY  OF  FIRMS  AND  ABBRKV l AT  IONS  (eont) 


SM  Maximum  Stress 

Sr  Stress  at  rupture 

St  a  ndard 

Devlation(S  )  Square  root  of  variance 

Strain  Rat  o  Crosshead  speed  divided  bv  the  KOI. 

t ’  test  A  statistical  test  used  to  detect  significant 

differences  between  a  measured  parameter  and  an 
expected  value  of  the  parameter  (determines  if 
regression  slope  differs  from  zero  at  the  9S‘ 
confidence  level) 

Variance  Five  sum  ot  squares  of  deviations  o(  the  test 

results  I  ran  the  moan  ot  the  series  after  divi¬ 
sion  by  one  less  than  the  total  number  of  test 
resul t  s 

1  Sigma  Band  The  area  between  the  upper  and  lower  1  sigma 

limit.  It  can  be  expected  that  99.7311.  ot  the 
inventory  represented  bv  the  test  samples  won  Id 
fall  within  this  range  assuming  that  the  popu¬ 
lation  is  normally  distributed. 

90-90  Band  It  can  be  stated  with  90a,  confidence  that  901  of 

the  Inventory  represented  by  the  test  samples 
would  fall  within  this  range  assuming  that  the 
population  is  normally  distributed. 


vi  1 


SECTION  I 


INTRODUCTION 


A.  PURPOSE 


Quality  assurance  tests  have  been  conducted  for  12  1/2  years  on  First 


Stage  LGM-30  TP-H10U3  aft  closure  propellant 


Statistical  analysis  of  the  tests  performed,  as  directed  by  Engineer 


ing,  should  provide  early  warning  if  serious  degradation  trends  occur 


Evaluation  of  the  propellant  provides  data  that  can  be  put  directly  into 


engineering  reliability  and  service  life  predictions.  Testing  was  per 


formed  in  accordance  with  MMWRME  Directive  GTD-1C,  Amendments  1  and  2 


; 


TP-HI0U3  propellant  is  used  in  the  aft  closure  of  LGM-30  A,  B,  F  and 


G  First  Stage  Motors 


This  test  period  represents  the  fifth  time  that  TP-H10U3  propellant 


has  been  reported  by  regression  analysis.  Thi 


is  also  the  fourth  time 


that  data  has  been  processed  utilizing  the  GO85  System 


This  report  represents  a  large  increase  in  the  number  of  samples 


tested.  Moreover,  the  age  distribution  increased  to  cover  a  12  1/2  year 


time  period  (1j  to  16  1/2  years) 


thru  ll)  and  the  previous  reports  (1976  and  1977)  are  very  close.  The 


regression  slopes  of  three  successive  test  periods  matched  very  well 


This  is  probably  due  to  the  increased  number  of  samples  and  the  stabili 


ing  of  post  cure  chemical  changes  in  the  binder 


C.  SAMPLING  PLAN: 

As  many  as  tour  aft  closures  are  cast  from  the  one  TP-H1043 
propellant  mix.  In  order  to  reduce  the  number  of  tests,  only  one 
batch  from  each  mix  will  be  tested  to  obtain  uniform  test  results, 
lhe  selected  batches  are  from  the  same  batch  as  those  previously 
tested  and  reported  In  MAC.CP  Reports  185(70),  195(70),  .‘3l)(72), 
tun  and  ids  . 

Low  rate  tensile,  high  rate  tensile  and  hardness  tests  were 
performed  on  each  propellant  batch  mix. 

I).  STATISTICAL  APPROACH: 

Linear  regression  analysis  was  used  as  the  method  of  data 
evaluation.  Pata  from  different  time  periods  were  used  to  establish 
a  least  squares  trend  line  for  the  data.  The  variance  about  the 
regression  lino,  obtained  using  individual  values  of  the  dependent 
variable,  was  used  to  compute  a  tolerance  interval  such  that  at 
the  l,0J  confidence  level,  90°;  of  the  sample  distribution  fall  within 
this  interval.  This  tolerance  interval  was  extrapolated  to  a 
maximum  of  29  months.  The  "t"  values  and  the  significance  of  this 
statistic,  which  are  reported  tor  each  regression  model,  give  an 
indication  of  the  "statistical  significance"  of  the  slope  of  the 
trend  Line  us  compared  to  a  line  of  zero  slope. 

Kach  point  on  the  regression  analysis  is  a  calculation  of  all 
samples  at  that  particular  age.  The  number  of  samples  at  each  point 
is  indicated  on  t hi'  sample  size  summary  sheet  accompanying  each 
regression  plot.  The  data  range  at  any  age  can  be  found  by  suitable 


inquiry  of  the  G085  system. 


".".ON  II 


TEST  RESULTS 


A.  LOW  RATE  TENSILE: 

All  the  low  rate  test  parameters  shov  a  statistically  signifi- 
“ar.t  "Vase  (Figures  i  thru  S) .  The  strain  regressions  (Figures  1 
*nc.  -  :.ov  a  very  gradual  decrease.  Regression  slopes  for  stresses 
c.  .  us  (Figures  .  ,  -  and  R)  show  a  change  with  respect  to  tiaaa. 

change  is  ess  than  in  the  previous  report.  Although  all  of  the 
"»•  '  rend-  show  a  ;ecreaae,  the  propellant  stil.  shows  good 

'•  at  .  l  tty  and  :‘r. r.  tills  analysis  the  propellant  will  perform  satis- 
‘ac t . ri ly  f  r  at  .east  two  years  beyond  the  last  data  point. 

B.  HI  OK  RATE  TENSILE: 

:.e  .trains  and  maximum  stress  regressions  show  a  statistical ly  sig- 
•ar.t  decrease.  ."he  stress  at  rupture  shows  no  significant  change. 

•  ...  shows  a  statistically  sign!  ficant  increase  (Figures  o  thru  10) 

r  regressions  showing  a  statistically  significant  change,  the 

.  cp<»:  are  gradual. 


f.  HARDNESS: 

re  V  nar.h.ess  test  data  regressions  shows  no  significant 

narco  wh..e  the  ter.  second  regression  shows  a  statistically  significant 
can . nureuso  *  Figures  11  and  .  1’Le  Shore  C  regressions  show  a 


at  istioa.ly  significant  decrease  ^Figures  13  and  Ik). 


SECTION  III 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  slopes  of  the  regressions  are  gradual  and  close  to  a  line  of 
zei  -  !>l°pe.  rrom  this  analysis,  no  significant  degradation  seems 
likely  and  the  propellant  service  life  may  be  extended  for  at  least 
two  years  beyond  the  date  of  the  last  testing. 

*  ^ recommended  that  testing  be  continued  to  assure  service 

life  extension  and  confirm  the  present  trend. 
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